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An inexpensive MEMS switch which stably operates at low
voltage and its fabrication method are provided. The switch
comprises: a first anchor 7-2-1 formed over a substrate 3; a
first spring 7-3-1 connected to the first anchor; an upper
electrode 7-1 which is connected to the first spring and
makes a motion above the substrate, elastically deforming
the first spring; a lower electrode 1 formed over the sub-
strate, positioned under the upper electrode; a second spring
7-3-2 connected to the upper electrode; and a second anchor
7-2-2 connected to the second spring. When voltage is
applied to between the upper electrode and the lower elec-
trode and the upper electrode makes a downward motion, the
second anchor is brought into contact with the substrate. As
a result, the second spring is elastically deformed. When the
upper electrode is subsequently brought into contact with the
lower electrode, thereby the upper electrode and the lower
electrode are electrically connected with each other. The first
and second anchors, first and second springs, and upper
electrode are formed of identical metal in integral structure
to constitute a membrane 7.
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RF-MEMS SWITCH AND ITS FABRICATION
METHOD

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application JP 2003-379390 filed on Nov. 10, 2003, the
content of which is hereby incorporated by reference in this
application.

FIELD OF THE INVENTION

[0002] The present invention relates to a MEMS (Micro-
Electro-Mechanical Systems) switch and its fabrication
method. More particularly, it relates to a MEMS switch
which turns on and off electrical signals of a wide range of
frequency ranging from several hundreds of megahertz to
several gigahertz or more and its fabrication method.

BACKGROUND OF THE INVENTION

[0003] Conventionally, MEMS switch has been known as
a microscopic electromechanical component for turning on
and off electrical signals. For example, the MEMS switch
disclosed in Japanese Patent Laid-Open No. H9-17300 is
fabricated over a substrate by a fine structure fabrication
technique for use in the fabrication of semiconductor
devices. A projection, which functions as an anchor (sup-
port), of an insulator is formed over a substrate, and a beam
of an insulating film is fixed on the anchor. An upper
electrode is formed at the upper part of the beam, and a
contact portion facing downward is formed at the tip of the
beam. A lower electrode is formed over the substrate oppo-
site to the upper electrode, and a signal line is formed over
the substrate under the contact portion.

[0004] When voltage is not applied to the upper or lower
electrode, the contact portion and the signal line are away
from each other, and the switch is off. When voltage is
applied, the beam is elastically deformed by Coulomb force
exerted between the upper electrode and the lower electrode,
and is warped toward the substrate. As a result, the contact
portion is brought into contact with the signal line, and the
switch is thereby turned on.

[0005] In mobile telephones and the like, a battery is used
as power supply, and thus switch operation must be per-
formed on 3V or so. To lower the operating voltage, the
restoring force of springs must be reduced. However, when
the restoring force is weakened as mentioned above, the
upper electrode and the lower electrode or the contact
portion and the signal line do not separate from each other
due to sticking phenomenon. As a result, the operating
voltage becomes difficult to lower.

[0006] An example of methods for solving this problem is
disclosed in Japanese Patent Laid-Open No. 2002-326197.
This method is such that a projection is formed at some point
on a spring and thereby the restoring force is increased when
a sticking phenomenon takes place.

SUMMARY OF THE INVENTION

[0007] The conventional MEMS switch mentioned above
has the following problems.

[0008] If a projection is provided at some point on a
spring, the film structure (hereafter, referred to as “mem-
brane”) partially constituting the spring becomes multilayer
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structure. The multilayer structure of a membrane produces
residual inside stress and increases the elastic factor of the
spring. This brings a limitation to lowering voltage. Further,
the membrane is warped by the difference in inside stress or
in coefficient of thermal expansion between layers.

[0009] For example, when a warp, 600 um in radius of
curvature, occurs in a membrane, 100 um in length, the
deformation in the center of the membrane is 2 gm. When
the membrane is warped downward convexly, the upper and
lower electrodes are brought into contact with each other
before voltage is applied. When the membrane is warped
upward convexly, the gap becomes 4 um, and the operating
voltage is increased by a factor of 4.

[0010] For this reason, a warp must be suppressed with
very high accuracy. When a multilayer film is used, a warp
may not be produced at room temperature. Even in this case,
however, a warp is produced due to a difference in coeffi-
cient of thermal expansion: a warp occurs when the tem-
perature exceeds or falls below room temperature. For this
reason, in a MEMS switch using a multilayer film, a warp is
very difficult to suppress, and the temperature range within
which low-voltage operation is feasible is inevitably and
significantly narrowed.

[0011] A major object of the present invention is to solve
these problems and provide a MEMS switch which operates
at low voltage with stability and its fabrication method.

[0012] Further, an additional object of the present inven-
tion is to provide an inexpensive MEMS switch provided
with a membrane which is of simple structure and attains
high processing accuracy, and its fabrication method.

[0013] The MEMS switch according to the present inven-
tion for attaining the above major object comprises: a first
anchor formed over a substrate; a first spring connected to
the first anchor; an upper electrode which is connected to the
first spring and makes a motion above the substrate, elasti-
cally deforming the first spring; a lower electrode formed
over the substrate and positioned under the upper electrode;
a second spring connected to the upper electrode; and a
second anchor connected to the second spring. When voltage
is applied to between the upper electrode and the lower
electrode and the upper electrode makes a downward
motion, the second anchor is brought into contact with the
substrate. As a result, the second spring is elastically
deformed and subsequently the upper electrode is brought
into contact with the lower electrode. Thereby, the upper
electrode and the lower electrode are electrically connected
with each other.

[0014] With the above structure, when voltage is applied
to between the upper electrode and the lower electrode and
the upper electrode gets close to the substrate, the Coulomb
force is increased. In this stage, the second spring works and
subsequently the upper electrode is brought into contact with
the lower electrode. As the result, the switch is turned on.
When voltage application is stopped and the switch is turned
off, strong restoring force obtained by adding the restoring
force of the first spring and that of the second spring is
obtained. Thus, the upper electrode is separated from the
lower electrode without fail. According to this, the restoring
force of the first spring can be weakened, and the applied
voltage can be lowered.

[0015] Further, to attain the above additional object, the
following constitution is preferable: the first spring, first
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anchor, second spring, second anchor, and upper electrode
are formed in integral structure to obtain a membrane.
Further, these elements are preferably formed of a continu-
ous identical metallic body. Thus, the membrane of integral
structure is obtained by forming a metallic film once and
patterning it. As a result, an inexpensive MEMS switch
provided with a membrane which is of simple structure and
attains high processing accuracy and its fabrication method
are obtained.

[0016] These and other objects and many of the attendant
advantages of the invention will be readily appreciated, as
the same becomes better understood by reference to the
following detailed description when considered in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] FIG. 1 is a schematic diagram explaining a first
embodiment of the MEMS switch according to the present
invention.

[0018] FIG. 2 is an equivalent circuit diagram explaining
the first embodiment of the present invention and its control
circuit.

[0019] FIG. 3 is a curve chart illustrating the moving
distance dependence of force exerted on the upper electrode
in the first embodiment of the present invention.

[0020] FIG. 4 is a cross-sectional view explaining a
second embodiment of the present invention.

[0021] FIG. 5 is a top view explaining the second embodi-
ment of the present invention.

[0022] FIG. 6 is a perspective view explaining the struc-
ture of the membrane in the second embodiment of the
present invention.

[0023] FIG. 7 is a cross-sectional view explaining a third
embodiment of the present invention.

[0024] FIG. 8 is a top view explaining the third embodi-
ment of the present invention.

[0025] FIG. 9 is a perspective view explaining the struc-
ture of the membrane in the third embodiment of the present
invention.

[0026] FIG. 10 is a cross-sectional view explaining a
fourth embodiment of the present invention.

[0027] FIG. 11 is a top view explaining the fourth embodi-
ment of the present invention.

[0028] FIG. 12 is a top view explaining the structure of
the membrane in a fifth embodiment of the present inven-
tion.

[0029] FIG. 13 is a cross-sectional view explaining a sixth
embodiment of the present invention.

[0030] FIG. 14 is a perspective view explaining the struc-
ture of the membrane in the sixth embodiment of the present
invention.

[0031] FIG. 15 is a cross-sectional view explaining a
seventh embodiment of the present invention.

May 12, 2005

[0032] FIG. 16 is a perspective view explaining the struc-
ture of the membrane in the seventh embodiment of the
present invention.

[0033] FIG. 17 is an equivalent circuit diagram explaining
the seventh embodiment of the present invention and its
control circuit.

[0034] FIG. 18 is a plan view explaining the structure of
the membrane in an eighth embodiment of the present
invention.

[0035] FIG. 19 is a cross-sectional view taken substan-
tially along the line A-A of FIG. 18.

[0036] FIG. 20 is a cross-sectional view taken substan-
tially along the line B-B of FIG. 18.

[0037] FIG. 21 is a cross-sectional view explaining a
MEMS switch fabricated by a conventional fabrication
method.

[0038] FIG. 22 is a cross-sectional view explaining a
MEMS switch fabricated by another conventional fabrica-
tion method.

[0039] FIG. 23 is a process drawing explaining the fab-
rication method for the second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] Referring to some preferred embodiments illus-
trated in the drawings, the MEMS switch according to the
present invention will be described in further detail below.

[0041] FIG. 1 illustrates the first embodiment of the
present invention in the form of schematic diagram. A signal
line 1 and a ground 2 are formed over an insulating substrate
3. The insulating substrate 3 is formed of, for example, an
insulating material, such as glass substrate, compound semi-
conductor substrate, high-resistance silicon substrate, and
piezoelectric substrate. The insulating substrate 3 may be a
semiinsulating substrate or a conductor substrate, whose
surface is covered with an insulating film typified by silicon
dioxide.

[0042] The signal line 1, together with the ground 2
provided at a predetermined distance, functions as a copla-
nar type RF (Radio Frequency) wave guide line which
extends frontward and rearward in the figure. The surface of
the signal line 1 is covered with a dielectric film 5. A
membrane 7 is provided over the dielectric film 5 with a gap
6 in-between. The membrane 7 comprises an upper electrode
7-1, a plurality of anchors 7-2, and a plurality of springs 7-3.
The upper electrode 7-1, the plural anchors 7-2, and the
plural springs 7-3 are all formed of continuous low-resis-
tance metallic material in integral structure. The first spring
7-3-1 and the second spring 7-3-2 are connected to the upper
electrode 7-1. The first spring 7-3-1 is connected to the first
anchor 7-2-1, and the second spring 7-3-2 is connected to the
second anchor 7-2-2. The first anchor 7-2-1 is mechanically
connected with the insulating substrate 3. Both the springs
7-3 are linear springs whose displacement and restoring
force are linear.

[0043] The ground 2 is connected to the ground not only
in high frequency but also in DC (Direct Current) (DC
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potential: 0V) Therefore, the upper electrode 7-1 is con-
nected to the ground through the first spring 7-3-1 and the
first anchor 7-2-1.

[0044] FIG. 2 is an equivalent circuit diagram of the
MEMS switch and its control circuit. The upper electrode
7-1 functions as a capacitive switch 50 connected in parallel
with the signal line 1. The signal line 1 is not connected in
DC, and a control terminal 4-3 is connected with the signal
line 1 through an inductance L which gives high impedance
at high frequency and a resistor R. Thus, the signal line 1
also has a function of the lower electrode of the switch. More
specific description will be given. When DC voltage for
control is applied to the control terminal 4-3, the same DC
voltage is applied to the signal line 1, that is, the lower
electrode through the inductance L and the resistor R.

[0045] When DC voltage is not applied to the signal line
1 (DC potential: 0V), the upper electrode 7-1 is mechani-
cally supported by the first spring 7-3-1 and the second
spring 7-3-2, as illustrated in FIG. 1. The upper electrode
7-1 is sufficiently away from the signal line 1, and thus the
capacitance between the upper electrode 7-1 and the signal
line 1 is very small (switch off state). At this time, an RF
signal passed through the signal line 1 is transmitted from its
input terminal 4-1 to output terminal 4-2 with low loss.

[0046] When DC voltage is applied to the signal line 1,
Coulomb force is produced between the upper electrode 7-1
and the signal line 1, that is, the lower electrode. When the
Coulomb force is stronger than the restoring force of the
springs, the upper electrode 7-1 is brought into contact with
the insulating film 5 as when it is stuck to the insulating film
5 (switch on state).

[0047] In this switch on state, the upper electrode 7-1
approaches the signal line 1 with the dielectric film §
in-between. Therefore, the capacitance between the upper
electrode 7-1 and the signal line 1 becomes very large, this
is equivalent at high frequency to that the signal line 1 is
connected to the ground. At this time, the majority of the RF
signal flowing from the input terminal 4-1 to the signal line
1 is reflected at the portion of the upper electrode 7-1 in
contact with the dielectric film 5. Therefore, the RF signal
hardly reaches the output terminal 4-2.

[0048] Since the second anchor 7-2-2 is floating in midair
immediately after DC voltage is applied, the second spring
7-3-2 does not work. When the first spring 7-3-1 is deformed
by a predetermined amount and the second anchor 7-2-2 is
brought into contact with the substrate, the second spring
7-3-2 functions as a spring having restoring force.

[0049] FIG. 3 illustrates the relation between the moving
distance of the upper electrode 7-1 directly above the center
of the signal line 1 and the restoring force of the springs
exerted on the upper electrode 7-1 at that time. Here, the
assumption that the upper electrode 7-1 and the signal line
1 are parallel with each other is made. The distance between
the anchor 7-2-2 and the ground 2 directly underneath is set
to % of the distance between the upper electrode 7-1 and the
dielectric film 5 directly underneath. For this reason, when
the anchor 7-2-2 is in contact with the ground 2 directly
underneath, the displacement of the upper electrode is % of
the distance between the off position and the on position.

[0050] In the electrostatic MEMS switch which operates
as mentioned above, the critical displacement is V5 of the
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gap, and the restoring force of the springs and Coulomb
force is most compete with each other between 0 and ¥3. For
this reason, the restoring force of the springs at s determines
the applied voltage for turning on the switch, that is, pull-in
voltage. In this embodiment, as illustrated in FIG. 3, the
anchor 7-2-2 is floating in midair within the range from 0 to
%. Therefore, the restoring force of the springs within the
range from O to ¥5 is set to a low value. By setting the spring
constant of the first spring 7-3-1 to 0.156N/m, the pull-in
voltage can be set to a value less than 3V.

[0051] In the electrostatic MEMS switch, the sticking
phenomenon between the upper electrode 7-1 and the dielec-
tric film § in contact with each other in on state poses a
critical problem. When the sticking phenomenon is stronger
than the restoring force of the springs, a problem arises.
Even when the voltage is returned to 0V, the upper electrode
7-1 is kept in contact with the dielectric film 5, and off state
is not established. In on state in this embodiment, the upper
electrode 7-1 gets close to the dielectric film § and Coulomb
force is enhanced, and thereafter the anchor 7-2-2 is brought
into contact with the ground 2. Therefore, the restoring force
of the second spring 7-3-2 can be set to a high value. Thus,
the spring constant of the second spring 7-3-2 can be set so
that the switch is stably returned to off state even when the
contact tension is as relatively high as 20 uN. In this
embodiment, specifically, the spring constant of the second
spring 7-3-2 is set to 7.31N/m, which is significantly stron-
ger than that of the first spring 7-3-1.

[0052] According to the foregoing, this embodiment is
constituted as follows: a first spring and a second spring are
provided; the spring constant of the first spring is set to
0.156N/m, and that of the second spring is set to 7.31N/m;
and the movement range of the second spring is set to the
range between % and 1. Thus, an RF-MEMS switch which
stably operates at low voltage can be provided.

[0053] FIG. 4, FIG. 5, and FIG. 6 illustrate the second
embodiment of the present invention. A signal line 1 and a
ground 2 are formed of an Al film over an insulating
substrate 3. The insulating substrate 3 is formed of a
high-resistance silicon substrate covered with a thermal
oxidation film. The signal line 1, together with the ground 2
provided at a predetermined distance, functions as a copla-
nar type RF wave guide line which extends upward and
downward in FIG. 5. Parts of the surfaces of the signal line
1 and the ground 2 are covered with a silicon oxide film §.

[0054] A membrane 7 is provided over the dielectric film
5 with a gap 6 in-between. The membrane 7 comprises an
upper electrode 7-1, a plurality of anchors 7-2, and a
plurality of springs 7-3. The upper electrode 7-1, the plural
anchors 7-2, and the plural springs 7-3 are all formed of an
aluminum film.

[0055] The first spring 7-3-1 and the second spring 7-3-2
are connected to the upper electrode 7-1. The first spring
7-3-1 is connected to the first anchor 7-2-1, and the second
spring 7-3-2 is connected to the second anchor 7-2-2. The
first anchor 7-2-1 is mechanically connected with the insu-
lating substrate 3. The ground 2 is connected to the ground
not only in high frequency but also in DC (DC potential:
0V). The upper electrode 7-1 is connected to the ground
through the first spring 7-3-1 and the first anchor 7-2-1.

[0056] The electrical circuit of the switch in this embodi-
ment is the same as illustrated in FIG. 2. The upper electrode
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7-1 functions as a capacitive switch connected in parallel
with the signal line 1. Here, the signal line 1 also has a
function of the lower electrode of the switch.

[0057] The first spring 7-3-1 functions as a torsional
spring, and is 50 um in length, 2 ym in width, and 2 gm in
thickness. Thereby, the torsional spring constant is set to
0.16N/m. The second spring 7-3-2 functions as a flexible
spring, and is 40 um in length, 0.5 #m in width, and 2 ym
in thickness. Thereby, the flexible spring constant is set to
1.7N/m. Thus, the major restoring force of the first spring
7-3-1 is elastic force of a solid against torsion, and the major
restoring force of the second spring 7-3-2 is elastic force of
a solid against flexure.

[0058] The upper electrode 7-1 is set to 50 um in length
and 200 um in width. The distance between the first spring
7-3-1 and the upper electrode 7-1 is set to 125 um. The gap
between the upper electrode 7-1 and the dielectric film § is
set to 2 um, and the gap between the second anchor 7-2-2
and the ground 2 is set to 1.5 um. For this reason, when the
second anchor 7-2-2 is in contact with the ground, the gap
between the center of the upper electrode 7-1 and the
dielectric film § is 1.1 um.

[0059] If the upper electrode 7-1 and the signal line 1 is
not parallel with each other, the capacitance C between them
is expressed by Expression (1).

P M

logg
h Th

[0060] where € is dielectric constant; S is the area of the
upper electrode 7-1; g is the largest gap distance; and h is the
smallest gap distance. When rotational motion is disre-
garded, the Coulomb force Fq exerted on the upper electrode
7-1 can be approximately expressed by Expression (2).

F, 1‘SSV
q—_jﬁ

2 2

[0061] Thus, the critical point is less than ;. For this
reason, the position of the upper electrode 7-1 when the
anchor 7-2-2 is brought into contact with the ground 2 must
be made greater than ¥5. The position of the upper electrode
7-1 at this time depends on the distances from both the
anchors. When the upper electrode is provided immediately
beside the second anchor 7-2-2, the position of the second
anchor 7-2-2 is set to a value not more than %3 of the gap.
When the upper electrode is provided at a midpoint between
both the anchors, the position of the second anchor 7-2-2 is
set to a value not more than 5. Thus, the effect is produced.

[0062] This embodiment is constituted as follows: a first
spring and a second spring are provided; the spring constant
of the first spring is set to 0.16N/m and that of the second
spring is set to 1.6N/m; and the movement range of the
second spring is made equal to the ratio of the displacement
of the upper electrode to the gap, 0.55 to 1. Thus, an
RF-MEMS switch which stably operates at low voltage can
be provided. Further, the membrane is not of complicated
multilayer structure, and thus the MEMS switch can be
inexpensively implemented.
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[0063] FIG. 7, FIG. 8, and FIG. 9 illustrate the third
embodiment of the present invention. Unlike the second
embodiment, the first spring 7-3-1 and the second spring
7-3-2 both function as flexible springs. The effect of the
present invention is irrelevant to the type of spring, and
flexible springs bring the same effect. When the spring
constant of the first spring must be especially reduced to an
small value, a torsional spring which can be reduced in size
and force is preferably used. This can reduce the size and
cost of the MEMS switch.

[0064] FIG. 10 and FIG. 11 illustrate the fourth embodi-
ment of the present invention. This embodiment is an
improvement to the third embodiment, and uses meandering
structure (zigzag structure) for springs. Use of the meander-
ing structure enables reduction in size and spring constant.
The spring constants can be made equal to the values in the
first and second embodiments by designing and prototyping,
and the same effect as in the first and second embodiments
is obtained.

[0065] FIG. 12 illustrates the fifth embodiment of the
present invention. This embodiment is the same as the fourth
embodiment in that the meandering structure is used for
springs. However, the former is different from the latter in
the following: the first spring 7-3-1 is provided on two sides
opposed to each other, and the second spring 7-3-2 is
provided on the other two sides. Use of the meandering
structure enables reduction in size and spring constant.
Further, provision of the springs on the two sides, respec-
tively, allows the upper electrodes 7-1 to be kept in parallel
with the substrate and operated with stability.

[0066] FIG. 13 and FIG. 14 illustrate the sixth embodi-
ment of the present invention. This embodiment is of such
a structure that a third spring 7-3-3 is provided between the
first spring 7-3-1 and the upper electrode 7-1 in the above-
mentioned second embodiment. The spring constant of the
third spring 7-3-3 is set to a value higher than that of the first
spring 7-3-1 and lower than that of the second spring 7-3-2.
Provision of the third spring 7-3-3 brings the effect of
preventing the first spring 7-3-1 as a torsional spring from
being bent in on state.

[0067] FIG. 15 and FIG. 16 illustrate the seventh embodi-
ment wherein the present invention is applied to push-pull
structure. This embodiment is of such a structure that the
upper electrode 7-1 in the sixth embodiment is provided on
the left and right of the first spring 7-3-1. Provision of the
third spring 7-3-3 brings the effect of preventing the first
spring 7-3-1 as a torsional spring from being bent in on state.
Therefore, the opposite side is lifted up high, and this brings
the effect of remarkably enhancing the off characteristics.
Because of the presence of the second anchor 7-2-2, the
upper electrode lifted up high can be restored with small
Coulomb force. As a result, switching operation can be
performed at still further lower voltage.

[0068] FIG. 17 is an equivalent circuit diagram of an RF
switch which uses the seventh embodiment as a one-input
two-output switch 51 and its control circuit. In this embodi-
ment, the membrane 7 is not connected to the ground but is
connected to an input terminal 4-1. Further, an island-like
metallic body 9 not connected to the ground is formed over
the substrate 3 under the anchor 7-2-2. Then, either of the
following operations is performed: the upper electrode 7-1
of the membrane 7 is connected to the left signal line 1-1 in
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high frequency and connects to its output terminal 4-2-1;
and the upper electrode 7-1 is connected to the right signal
line 1-2 in high frequency and connects to its output terminal
4-2-2.

[0069] More specific description will be given. The output
port 4-2-1 is connected to 3V in DC through a resistor R1
and an inductance [.1 which interrupt RF signals. The output
port 4-2-2 is connected to the ground in DC through a
resistor R2 and an inductance L2 which interrupt RF signals.
A capacitor C1 is used to connect the terminal of 3V DC to
the ground in high frequency. The membrane 7 is not
connected in DC by a capacitor C2, and control voltage is
applied to a control terminal 4-3 through a resistor R3 and
an inductance 1.3 which interrupt RF signals. For this
reason, when voltage of 3V is applied to the control terminal
4-3, the input terminal 4-1 is connected to the output
terminal 4-2-2 in high frequency. When voltage of OV is
applied to the control terminal 4-3, the input terminal 4-1 is
connected to the output port 4-2-1. The seventh embodiment
is excellent in isolation in off state, and thus a one-input
two-output switch of low loss can be implemented with one
push-pull switch.

[0070] FIG. 18, FIG. 19, and FIG. 20 illustrate the eighth
embodiment of the present invention. In this embodiment,
dips (recesses) 8 are provided in the upper electrode 7-1 in
the above-mentioned second embodiment. Two dips 8
whose depth is greater than the thickness of the membrane
are formed in the linear directions in places on the mem-
brane 7 where a warp is undesired. Presence of the dips 8
increases the stiffness of the parts with the dips against warp.
Even when external force is exerted, therefore, the mem-
brane 7 is less prone to warp in the directions of the straight
lines of the dips 8. Since the dips 8 are crosswise formed in
the upper electrode 7-1, a warp can be suppressed in the
upper electrode 7-1. Further, a dip may be also provided in
the first spring 7-3-1. In this case, bending of the first spring
7-3-1 can be suppressed by the dip.

[0071] To implement the first to eighth embodiments
mentioned above, the gap distance between the upper elec-
trode 7-1 and the signal line 1 and the gap distance between
the second anchor 7-2-2 and the ground 2 must be controlled
with accuracy. In these embodiments of the present inven-
tion, the membrane 7 including the upper electrode 7-1 and
the second anchor 7-2-2 is formed in integral structure.
Therefore, the gap distances can be controlled with accu-
racy.

[0072] However, when a conventional fabrication method
is used to fabricate the membrane 7, the gap distance
between the second anchor 7-2-2 and the ground 2 cannot be
controlled with accuracy. Here, this problem will be
described below.

[0073] As an example, a cross-sectional view of a switch
fabricated by a conventional fabrication method is presented
as FIG. 21. In this example, the second anchor 7-2-2 in the
second embodiment of the present invention is provided on
the substrate 3 side. After the second anchor 7-2-2 is formed,
a sacrificial layer is applied to form a membrane 7. There-
fore, the gap distance between the second anchor 7-2-2 and
the membrane 7 is substantially equal to the gap distance
between the upper electrode 7-1 and the signal line 1. Thus,
the effect of the present invention is not produced.

[0074] The gap can be reduced to some degree by select-
ing an appropriate material for the sacrificial layer and
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narrowing the second anchor 7-2-2. However, this method is
inferior in controllability and significantly complicates the
manufacturing process.

[0075] The effect similar to that of the present invention
can be obtained by grinding and planarizing the surface of
the sacrificial layer before the formation of the membrane 7.
However, the thickness of the sacrificial layer cannot be
controlled in the submicron range by grinding using abra-
sives and a turntable. Even when surface planarization
equipment using ions and ion clusters is used, it is inferior
in film thickness controllability and throughput, and expen-
sive equipment is required. Therefore, a low-cost switch
cannot be provided.

[0076] FIG. 22 is a cross-sectional view of the switch
fabricated by another conventional fabrication method. In
this switch, the second anchor 7-2-2 in the second embodi-
ment of the present invention is provided on the membrane
7 side. After a sacrificial layer is applied, the second anchor
7-2-2 and the membrane 7 are formed. Therefore, as in the
case illustrated in FIG. 21, the gap distance between the
second anchor 7-2-2 and the membrane 7 is substantially
equal to the gap distance between the upper electrode 7-1
and the signal line 1. Thus, the effect of the present invention
is not produced.

[0077] The effect similar to that of the present invention
can be obtained by providing a dip in the surface of the
sacrificial layer before the formation of the second anchor
7-2-2. However, the depth of the dip cannot be controlled in
the submicron range. When a stopper layer is used, expen-
sive equipment and complicated techniques are required,
and thus a low-cost switch cannot be provided.

[0078] In the first place, in the conventional switch illus-
trated in FIG. 22, the integral structure of the membrane 7
gives way because the second anchor 7-2-2 is additionally
provided. As a result, the following problem arises: when the
membrane 7 is formed under conditions for suppressing
warp in the portion of the membrane 7 connected with the
second anchor 7-2-2, a warp occurs in other portions of the
membrane. When the membrane 7 is formed under condi-
tions for suppressing warp in other portions of the mem-
brane, a warp occurs in the portion of the membrane 7
connected with the second anchor 7-2-2.

[0079] As mentioned above, the membrane 7 according to
the present invention is of integral structure. Therefore, warp
can be easily suppressed by optimizing the film formation
process conditions.

[0080] FIG. 23 illustrates the fabrication method for the
second embodiment of the present invention. Over a sub-
strate 3 (a in FIG. 23), a metallic film 1, 2 is formed (b in
FIG. 23) and patterned (c in FIG. 23), and an insulating film
5 is formed (c in FIG. 23) and patterned (d in FIG. 23).
Thus, a signal line 1, ground 2, and dielectric film 5 are
formed (d in FIG. 23).

[0081] An aluminum film, 200 nm in thickness, is formed
as the metallic film 1, 2 by resistor heating evaporation.
When a sputtering process is used for the film formation, the
surface flatness of the aluminum is enhanced, and the
electrical characteristics in on state is further enhanced.
When a gold film is formed in place of the aluminum film
by electron beam evaporation, the resistance value can be
reduced. When another gold film is further formed on the
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above gold film by plating, the resistance value can be
further reduced. In case a gold film is formed by evapora-
tion, titanium, chromium, molybdenum, or the like, 50 nm
or so in thickness, can be provided as an adhesive layer for
adjacent layers. Thus, the adhesion is enhanced.

[0082] As the dielectric film 5, a silicon dioxide film, 100
nm in thickness, is formed by a sputtering process. Alumi-
num oxide, silicon nitride, or aluminum nitride may be used
in place of silicon dioxide. In this case, their dielectric
constant is high, and the electrical characteristics in on state
can be improved.

[0083] Next, a polyimide film is formed over the dielectric
film 5 (e in FIG. 23) and patterned (f in FIG. 23) twice (g
and h in FIG. 23) to form sacrificial films (20-1, 20-2). The
sacrificial films (20-1, 20-2) are respectively formed by
applying a polyimide film, 1100 nm in thickness, by rotation
painting. When photosensitive polyimide is used, the sacri-
ficial films can be formed by carrying out application,
exposure, and etching twice. Therefore, the process can be
simplified, and an inexpensive switch can be provided.

[0084] Next, a metallic film 7 is formed over the sacrificial
layer (20-2) (i in FIG. 23) and patterned (j in FIG. 23) to
form a membrane 7. The metallic film 7 is formed by
forming an aluminum film, 2000 nm in thickness, by elec-
tron beam evaporation. Thus, the membrane 7 of integral
structure is formed by one time of formation and patterning
of a metallic film.

[0085] 1If a sputtering process is used for film formation,
the surface flatness of aluminum is enhanced, and the
deviation in devices within a wafer can be reduced. Further,
when a gold film is formed in place of the aluminum film by
electron beam evaporation, the resistance value can be
reduced. When another gold film is further formed by
plating, the resistance value can be further reduced. In case
a gold film is formed by evaporation, titanium, chromium,
molybdenum, or the like, 50 nm or so in thickness, can be
provided as an adhesive layer for adjacent layers. Thus, the
adhesion is enhanced.

[0086] Last, the polyimide is removed by chemical dry
etching (k in FIG. 23). As the result of the removal of
polyimide, a gap 6 is formed.

[0087] 1If the above fabrication method is used, the mem-
brane 7 can be shaped as follows: the shape of the membrane
7 in the direction of the depth is obtained by patterning of
polyimide, and the shape of the membrane 7 in the direction
of the plane is obtained by patterning of the latter metallic
film. Thus, the membrane 7 can be easily and accurately
fabricated with a smaller number of fabrication steps. The
fabrication method according to the present invention does
not require a method using abrasives and a turntable or
surface planarization equipment using ions or ion clusters.
Therefore, the fabrication method according to the present
invention is excellent in film thickness controllability and
throughput. Further, the present invention allows the switch
to be fabricated by inexpensive equipment, and thus allows
a low-cost switch to be provided.

[0088] According to the present invention, a membrane is
provided with a second anchor floating in midair, and thus
sticking phenomena can be prevented. As a result, the
switching voltage of a MEMS switch can be lowered.
Further, according to the present invention, the springs,
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anchors, and upper electrode of a membrane are constituted
in integral structure. Therefore, a MEMS switch which
operates at low voltage can be inexpensively provided. In
addition, since unwanted warp in the membrane can be
suppressed, the following effects are produced: designing is
facilitated; deviation in manufacturing process is sup-
pressed; and a more inexpensive MEMS switch is provided.

[0089] 1t is further understood by those skilled in the art
that the foregoing description is a preferred embodiment of
the disclosed device and that various changes and modifi-
cations may be made in the invention without departing
from the spirit and scope thereof.

What is claimed is:
1. A MEMS switch comprising:

a substrate;
a first anchor formed over said substrate;
a first spring connected to said first anchor;

an upper electrode which is connected to said first spring
and makes a motion above said substrate, elastically
deforming said first spring;

a lower electrode formed over said substrate and posi-
tioned under said upper electrode;

a second spring connected to said upper electrode; and
a second anchor connected to said second spring,

wherein when voltage is applied to between said upper
electrode and said lower electrode and said upper
electrode makes a downward motion, said second
anchor is brought into contact with said substrate and
said second spring is elastically deformed, and when
said upper electrode is subsequently brought into con-
tact with said lower electrode, thereby said upper
electrode and said lower electrode are electrically con-
nected with each other.

2. The MEMS switch according to claim 1,

wherein said first spring, said first anchor, said second
spring, said second anchor, and said upper electrode are
constituted in integral structure and are formed of a
continuous metallic body.

3. The MEMS switch according to claim 1,

wherein said lower electrode contains an insulator film in
its surface, and when said upper electrode is brought
into contact with said lower electrode containing the
insulator film in its surface, thereby electrical capaci-
tance is produced between said upper electrode and
said lower electrode.

4. The MEMS switch according to claim 2,

wherein said metal is a metal predominantly comprised of
aluminum.
5. The MEMS switch according to claim 1,

wherein the major restoring force of said first spring is
elastic force of a solid against torsion, and the major
restoring force of said second spring is elastic force of
a solid against flexure.

6. The MEMS switch according to claim 1,

wherein a metallic body is formed over said substrate
under said second anchor.
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7. The MEMS switch according to claim 1,

wherein said upper electrode has dips greater than the
thickness of the upper electrode.
8. The MEMS switch according to claim 1,

wherein said upper electrodes, said second spring, and
said second anchor are attached in this order on both
sides of said first spring to form push-pull structure.
9. A fabrication method for a MEMS switch,

wherein the MEMS switch comprises:

a substrate;

a first anchor structure formed over said substrate;

a first spring connected to said first anchor structure;

an upper electrode which is connected to said first spring,
and makes a motion above said substrate, elastically
deforming said first spring;

a lower electrode formed over said substrate, positioned
under said upper electrode;

a second spring connected to said upper electrode; and

a second anchor connected to said second spring,
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wherein when voltage is applied to between said upper
electrode and said lower electrode and said upper
electrode makes a downward motion, said second
anchor is brought into contact with said substrate and
said second spring is elastically deformed, and when
said upper electrode is subsequently brought into con-
tact with said lower electrode, thereby said upper
electrode and said lower electrode are electrically con-
nected with each other,

the method comprising the steps of:
forming said lower electrode over said substrate;

carrying out film formation and patterning over said
substrate with said lower electrode formed thereover to
form at least two layers of sacrificial films;

forming a metallic film over said sacrificial film once and
patterning it to form said first spring, said first anchor,
said second spring, said second anchor, and said upper
electrode in integral structure; and

removing said sacrificial films.



